Objective: This article provides a comprehensive review of the change in vitamin A status and the extent of vitamin A deficiency among different population groups in Bangladesh up to the present time. The result of experience with different strategies and interventions designed to improve vitamin A status are then reviewed, leading to a discussion of key options for action, as well as important areas for research and evaluation.
F Ahmed
The term 'vitamin A' is the generic descriptor for a group of chemical compounds known as retinoids exhibiting qualitatively the biological activity of retinol. They include retinol, its ester (retinyl palmitate) and retinoic acid. Vitamin A is a fat-soluble substance found in ester form in animal and dairy products and it is hydrolysed in the intestinal cells to form retinol. Carotene, the naturally occurring progenitor of vitamin A found in certain vegetables and fruits, is split in cells of the small intestine to retinaldehyde, most of which is readily converted to retinol.
Vitamin A is an essential nutrient needed in small amounts for normal cellular function, and is especially required for the visual system, growth and development, maintenance of epithelial cellular integrity, immune function and reproduction 1 . Vitamin A deficiency occurs when body stores are depleted to the extent that normal physiological function is impaired even though at this stage overt clinical deficiency, such as eye signs, may not be evident. Depletion of stored vitamin A is usually seen as the consequence of an inadequate dietary intake of the vitamin itself over a period of time, although losses may be increased in association with infection. The level of depletion at which physiological functions begin to be impaired is not entirely clear. What is known, however, is that the vitamin is extensively recycled between the plasma, liver and other tissues. It appears that the rate of utilization by specific tissues can show some adaptation to diminishing availability. This adaptation and recycling may serve to maintain relatively constant levels in the blood until body stores become depleted below a critical point, exceeding the capacity of homeostatic mechanisms to the point where adaptation can no longer compensate 2 . Severe vitamin A deficiency has long been recognized as a potentially lethal, but preventable nutritional disease. However, the extent to which a large proportion of the population might be affected by less severe forms of deficiency and the implications of this for survival and health have only been realized recently. Basic research has now demonstrated the underlying cellular processes through which a deficiency of vitamin A can have far-reaching effects which would predispose to a range of disordered function, including effects on the intestine, respiratory tract and immune system, as well as involvement of the eyes 3 . The assessment of vitamin A status depends on the validity and interpretation of the measures employed which include clinical assessment based upon ocular signs and the biochemical determination of the concentration of metabolites in blood. There is a standard classification system for ocular indicators of vitamin A deficiency, and minimum prevalence criteria for interpretation to identify a public health problem have been recommended by the World Health Organization (WHO) Expert Group on the control of vitamin A deficiency and xerophthalmia (Table 1) 4 . Serum retinol levels, while not considered a reliable index of subclinical vitamin A status of individuals, has proven to be a useful indicator for estimating the relative risk and prevalence of severity and its magnitude as subclinical problem at a population level. A prevalence above 5% for values of serum retinol < 0.35 mmol l -1 has been used globally to define a deficient population and as corroborative evidence with clinical eye signs for defining the risk of blinding malnutrition 4 . This cut-off point is, however, insufficient to assess the prevalence of risk of vitamin A deficiency at the subclinical level. In the 1980s it became evident that subclinical deficiency was associated with a significant increase in child mortality and this realization provided the impetus for the assessment of vitamin A status at the subclinical level. The WHO 1996 report proposed cut-off points for various biological indicators and suggested that a public health problem exists when, for the criteria set in Table 2 , at least two of the indicators are met 5 . In addition there are a number of ecological indicators that can also be used to identify vitamin A deficiency as a public health problem 5 . It is now estimated that vitamin A deficiency, including subclinical and clinical forms of severe and moderate degrees of public health significance, exists in more than 60 countries. Worldwide, an estimated 2.8 million children 0-4 years of age are clinically affected by vitamin A deficiency, and 251 million more are severely or moderately subclinically deficient. Thus, Table 1 Criteria for assessing the public health significance of xerophthalmia and vitamin A deficiency, based on the prevalence among children less than 6 years old in the community at least 254 million preschool children are 'at risk' in terms of their health and survival 6 . The majority of these children live in Asia, which houses over half of the world's population, and especially in the countries within the south-east Asian and western Pacific regions 7 . Although the prevalence of severe clinical vitamin A deficiency declines with age, less severe vitamin A deficiency is frequently found in adolescence and amongst young adults, where the prevalence of mild xerophthalmia may exceed the rates in preschool children 8, 9 . Vitamin A deficiency may also be found among adults, especially in women of reproductive age 10;11 . Bangladesh is a tropical developing country of about 124 million people with a growth rate of 1.8%. It has one of the highest population densities of 861 persons km -2 12 . About 80% of the population live in the rural area and about 50% subsist below the poverty line 12 .
Bangladesh is vulnerable and experiences frequent natural disaster; flood, drought, cyclones and tornadoes. According to 1995 estimates, the infant mortality rate and under 5 mortality rate are 85 and 115/1000 live birth 13 . Vitamin A deficiency has long been identified as a serious public health problem in Bangladesh. In this article the present situation is reviewed comprehensively to identify the vitamin A status and frequency of deficiency among different population groups in Bangladesh. There is a focus on the present policies and programmes aimed at improving the situation, an assessment of the achievements in controlling deficiency and an indication of possible constraints in the complete eradication of vitamin A deficiency. Furthermore, there is an outline of specific needs and key options for action and the priority areas for future operations research to improve the situation. The data presented here are not all based on representative national sampling. Rather, the review has drawn upon all published papers, reports and documents made available over the last 25 years. Furthermore, age-and sex-specific evaluation of the available data is provided to help in the understanding of the magnitude of the problem and to assist the reader in interpreting the prevalence data.
Situation assessment and analysis
At the time of the first national nutrition survey in 1962-64 (when the country was known as East Pakistan) 0.2% of the total population were found to have Bitot's spots, and 4.2% conjunctival xerosis 14 . In 1972, following the War of Liberation, refugees were initially settled in rehabilitation camps on their return from India. A survey conducted by WHO amongst the children in the camps revealed a high prevalence of vitamin A deficiency, especially the problem of xerophthalmia 15 . The second national nutrition survey in 1975-76 showed that 1% of the total population had night blindness, 0.6% had Bitot's spots and 11.7% had conjunctival xerosis 16 . In 1981-82, the third survey also reported a similarly high prevalence of vitamin A deficiency in the Bangladeshi population 17 . In 1982-83, the first population-based assessment of the magnitude of vitamin A deficiency in Bangladesh was conducted by Helen Keller International (HKI) and the Institute of Public Health Nutrition (IPHN) 18 . The study indicated that each year more than 900,000 children under 6 years of age were suffering from some degree of xerophthalmia and 30,000 or more children became permanently blind 18 . The three successive national nutrition surveys (1962-64, 1975-76 and 1981-82) in Bangladesh were all conducted with a special emphasis on the dietary intake and repeatedly reported an insufficient intake of vitamin A. In 1975-76 the average vitamin A intake was only 36% of the recommended intake, a substantial drop from the 93% reported in the 1962-64 survey 14, 16 . 16, 17 . The data revealed that no significant progress had been made in the vitamin A intake of the Bangladeshi population. In the largely rural environment of Bangladesh approximately 90% of the dietary vitamin A is in the form of carotenoids, which comes from vegetables and fruits 17 . As with other micronutrients various social and economic factors contribute to the inadequate intake.
For all the surveys at the national level clinical examination and the identification of signs of deficiency was the primary way in which vitamin A status was assessed in the rural population, and therefore only the more severe and clinically evident deficiency could be detected. In addition, there have been a number of studies which have been carried out using biochemical indicators to investigate vitamin A status in different population groups. Not all studies have been in groups or populations which are nationally representative, nevertheless, the information is of considerable value in indicating the magnitude of the problem and especially in providing an indication of the frequency of subclinical deficiency. Where possible the magnitude of the problem has been categorized in relation to population groups, related to their different needs and requirements, by age, sex and physiological state.
Infants and preschool children A summary of the major findings on the prevalence of vitamin A deficiency based on ocular signs and symptoms in preschool children are shown in Table 3 18 . The prevalence of conjunctival xerosis was 2.0% in rural children and 2.5% in urban slum children. The prevalence of Bitot's spots was 0.9 and 1.6% for the rural and urban slum children, respectively 18 . The Nutritional Blindness Prevention Programme Evaluation Report for 1989 indicated that the prevalence of night blindness among preschool children had decreased to 1.78%, from 3.6% in 1982-83 19 . The prevalence of night blindness was found to be higher in female children (1.97%) than male children (1.59%) 19 . In the 1980s, beside national surveys, a number of studies have also investigated the prevalence of vitamin A deficiency in preschool children. A study in a rural population of Comilla district showed that overall incidence of xerophthalmia in children aged 0-6 years was 4.7 and 3.0/1000 in males and females, respectively 20 . In coastal villages of Bhola district it was found that the prevalence of night blindness in preschool children was 4.1% 21 . Saha et al. 22 showed that for preschool children in areas with a safe water supply (n = 89) the prevalence of night blindness was 1.1%, 10.1% had conjunctival xerosis and none had Bitot's spots. This contrasted with preschool children in the areas with no safe water supply (n = 68), where none had night blindness and 12% had conjunctival xerosis, but nearly 1.5% had Bitot's spots 22 . For a clinic-based study of 22,407 preschool children about 1% had night blindness and 2.0% conjunctival xerosis with Bitot's spot 23 . The effect of breast feeding on the risk of xerophthalmia was studied in 2687 children aged 6 months to 3 years attending a local hospital during 1983-85 and showed that about 2.1% had 25 . The biochemical evidence for vitamin A deficiency in preschool children is limited, and mainly derived from hospital-based studies with small samples (Table 4) . Brown et al. 26 showed that 20% of rural children aged 1-6 years (n = 95) had levels of serum retinol (vitamin A) below 0.35 mmol l -1 . The serum retinol concentrations in 30 children aged 1-10 years admitted to hospital for the treatment of diarrhoea 27 were below 0.70 mmol l -1 , with nearly two-thirds having levels below 0.35 mmol l -1 . Two other studies have found that mean serum retinol level was less than 1.05 mmol l -1 in children admitted to hospital for the treatment of diarrhoea 28, 29 . A hospital-based study of 183 healthy infants aged 6-17 weeks 30 showed that 35% had serum retinol level less than 0.35 mmol l -1 , and 87% had levels below 0.70 mmol l -1 . In a clinic-based study of 85 healthy infants aged 2-11 months 31 , 56% had serum retinol levels less than 0.70 mmol l -1 and 18% had levels below 0.35 mmol l -1 . Only a limited number of studies have investigated the dietary intake of preschool children. The nutrition survey of 1975-76 showed that the average vitamin A intake of the children aged 1-6 years ranged from 30 to 50% of the RDA 16 and it was 38-78% of the RDA in 1981-82 17 . In a longitudinal study, Brown et al. 32 investigated the food and nutrient consumption by 70 children aged between 5 and 30 months. They found that for the age group 5-17 months males met 92% and females met 67% of the RDA, whereas between 18 and 30 months of age males met 82% and females met 61% of the RDA 32 . In summary, it is clear from the above studies that the prevalence of clinically evident vitamin A deficiency among preschool children in Bangladesh has decreased significantly over the past two decades and this decrease can be attributed largely to the high coverage of national VAC distribution programme 25 . However, there is ample biochemical evidence that subclinical vitamin A deficiency among preschool children remains a significant public health problem. Although the dietary intake appears to have improved over the period, it is still not adequate and falls far below the requirement.
School-age children and adolescents
The prevalence of night blindness and Bitot's spots among boys and girls, aged 5-14 years, was found to have decreased in 1981-82 compared to 16,17 . However, the prevalence was higher in boys than girls 16, 17 . The prevalence of conjunctival xerosis was also found to be higher in boys (32.1%) than girls (22.7%) 17 . Khan et al. 20 showed that the incidence of xerophthalmia was 5.0/1000 in males aged 7-19 years; 1.7/1000 in females. Saha et al. 22 found that about 1.4% of the male (n = 146) aged 5-14 years in areas with safe water supply and 7.9% of the same age group in areas with no safe water supply (n = 63) had night blindness. Among the females, it was 0.7% in areas with safe water supply (n = 144) and 1.4% in area with no safe water supply (n = 79) 22 . The overall prevalence of night blindness was lower in females compared with males 22 . In 5420 children aged 0-15 years in a northern district of Bangladesh the prevalence of night blindness was 1.9% 33 . Limited information is available for serum retinol levels among school-age children and adolescents (Table 5 ). In recent years we have conducted a series of studies in these population groups. In an urban population, assessed to be of middle to higher socioeconomic status 34, 35 , we found that about 20% of 242 school children aged 5-12 years, and 11% of 225 38 found that the average vitamin A intake of 82 male children aged 5-15 years in an orphanage in Dhaka city was 97% of RDA. In one study of 76 adolescent females working in garment factories in Dhaka city, the mean intake of vitamin A was reported to be lower than the RDA 39 , in another the mean intake of 63 adolescent garment factory workers was about 49% of the RDA, and 81% did not meet the RDA 40 . For 152 adolescent girls, aged 13-17 years and attending high school in Dhaka city, the mean vitamin A intake was well above the RDA 41 . Furthermore, in a representative sample of 385 adolescent girls, aged 10-16 years, from ten high schools in Dhaka city, although the mean vitamin A intake was 960 mg day -1 , as many as 62% of the girls had intakes of vitamin A which were below the RDA, using Indian standards 42 . The apparent difference in the intake of vitamin A between the two studies may reflect true variability but is perhaps more likely to reflect differences in the design of the studies 41, 42 . In conclusion, the magnitude of clinically evident vitamin A deficiency among school-age and adolescent children has decreased slightly over the past two decades, but remains a significant problem. Furthermore, the situation appears to be worse in males than in females. The measurement of serum retinol levels indicates the extent of subclinical vitamin A deficiency among these age groups. For the working adolescent girls living in urban slums the situation is appalling. The data on dietary vitamin A intake serve to confirm that vitamin A deficiency among adolescent girls remains a substantial and important public health problem.
Adult males
The nutrition survey in 1981-82 revealed that 9.6% of the adult males in rural Bangladesh had conjunctival xerosis and 0.5% had night blindness 17 . Khan et al. 20 found that the prevalence of xerophthalmia in adult males was 0.34/1000. Saha et al. 22 reported that 2.9% of 70 males had night blindness in rural areas with no safe water supply; while there were none in the areas with safe water supply, indicating that poor hygiene is related to the severity of the vitamin A deficiency. In the 1981-82 survey, the average vitamin A intake of adult males was found to be low, ranging from 32 to 57% of the RDA 17 . Recently, we have found that in 252 rickshaw pullers, the largest group of manual workers in Dhaka city, 71% had intakes of vitamin A below the RDA 43 .
To conclude, based upon the limited data, for adult males in Bangladesh, the intake of vitamin A and vitamin A status is generally poor and a cause for concern, although there is a lack of recent information.
Adult females
The nutrition survey of 1981-82 showed that the prevalence of conjunctival xerosis among nonpregnant and non-lactating (NPNL) women in rural Bangladesh was 2.6%; none were found to have night blindness 17 . Khan et al. 20 showed that the rate of xerophthalmia was 0.1/1000 in adult females. Saha et al. 22 found that the prevalence of night blindness among NPNL women was higher in the area with no safe water supply, 1.39%, than in the area with safe water supply, 0.65%.
In only one study has the biochemical assessment of vitamin A status been made in NPNL females (see Table 5 ). In 63 females working in the garment factories in Dhaka city 44 , 9% had serum retinol level below 10 mmol l -1 , with 56% having levels Յ 0.70 mmol l -1 . In the survey of 1981-82, average vitamin A intake of NPNL women ranged from 26 to 47% of RDA 17 . A recent study in 7341 women of reproductive age who participated in a home gardening project in rural Bangladesh found that the mean daily intake of vitamin A was 511 retinol equivalents and the median intake was 400 retinol equivalents 45 , indicating a substantial increase in vitamin A intake by the rural women compared to the results of the national survey of 1981-82. Sultana et al. 46 showed that mean vitamin A intakes for 60 students resident in Dhaka University was 39% of the RDA, and for 51 garment factory workers was 19% of the RDA, indicating a poor vitamin A intake of urban adult females. Two other studies of females working in garment factories in Dhaka city showed that the average intakes of vitamin A was 73% 40 and 82% 39 of the RDA.
In summary, over the years some progress has been made in improving the situation and reducing vitamin A deficiency among NPNL women. However, more focused studies are needed to examine the current situation in detail.
Pregnant and lactating women
The survey of 1981-82 revealed that the prevalence of conjunctival xerosis among pregnant, lactating or pregnant and lactating women in the rural population was 1.6% and none were found with night blindness 17 . Saha et al. 22 found that the prevalence of night blindness among pregnant or pregnant and lactating women in areas with a safe water supply was 1.05% and in areas with no safe water supply, it was 2.44%. The recent report of the Nutritional Surveillance Project of the HKI has shown that the rate of night blindness among rural mothers is as high as 1.4% 25 . Thus, there does not appear to have been any decrease in the extent of the vitamin A deficiency in comparison with that reported in the earlier studies. Biochemical evidence for vitamin A deficiency among pregnant women is limited and mainly derived from hospital-based studies (see Table 5 ). Barua and Begum 47 showed that 5% of 85 women had serum retinol levels less than 0.70 mmol l -1 at delivery, and for 25% the values were between 0.70 and 1.05 mmol l -1 . In 151 pregnant women we found that 33% had serum retinol levels below 1.05 mmol l -1 at delivery 48 . In a study designed to assess the quality of breast milk, 61 mothers of poor socioeconomic status group had low retinol levels 49 . In 50 women from a periurban village near Dhaka city, following vitamin A supplementation the concentrations of retinol in breast milk increased significantly in the 24 h following supplementation 50 . The survey of 1981-82 revealed that average vitamin A intake by the pregnant women was 81% of the RDA, by lactating women was 28% of the RDA and by pregnant and lactating women was 19% of the RDA 17 . Sultana et al. 46 reported poor intakes of vitamin A (16-26% of the RDA) by pregnant women of poor socioeconomic group attending a local maternity hospital in Dhaka city.
To summarize, the data on clinical examination and dietary information clearly indicate that the situation of vitamin A deficiency in pregnant and lactating women has not improved over the years and the present magnitude of the problem is a public health concern.
Summary of the situation analysis
The overall analysis and assessment of the situation in relation to vitamin A deficiency among the different population groups leads to the conclusion that the magnitude of the severe vitamin A deficiency in preschool children has decreased significantly over the past two decades. This success can be attributed largely to the high coverage of the national VAC distribution programme. The magnitude of severe vitamin A deficiency among school-age and adolescent children has also decreased over the past two decades. However, the decrease is less marked and deficiency in this group is still a considerable problem. It is difficult to assess any trend in vitamin A deficiency among NPNL women, but the data from clinical examination and the dietary information suggest that the situation of vitamin A deficiency in pregnant and lactating women has not improved over the years. Similarly, in adult males in Bangladesh, the prevalence of vitamin A deficiency is at a level which is high enough to cause considerable concern, even though the limited information makes it impossible to evaluate trends.
There is substantial biochemical evidence that subclinical vitamin A deficiency is now a significant public health problem in preschool children, schoolage children and adolescent population groups. Furthermore, the data on dietary vitamin A intake confirms that overall the intake of dietary vitamin A is inadequate giving rise to the serious situation of widespread deficiency which has not shown sufficient improvement over the past 20 years.
Current programmes for prevention and control of vitamin A deficiency
This section of the article focuses on the nature and progress of the present policies and programmes which have been developed to impact upon the problem of vitamin A deficiency. This is followed by an evaluation of the extent to which they have been able to achieve their objectives, and any constraints which can be identified in the attempts to control vitamin A deficiency in Bangladesh. In order to control vitamin A deficiency, in 1973 the government of Bangladesh initiated the National Blindness Prevention Programme through the IPHN with assistance from UNICEF. The main activities of the programme included four elements: VAC distribution to the target population twice a year; provision of nutrition education to increase the production and consumption of vitamin A rich foods; training of primary health-care workers in the clinical diagnosis and treatment of vitamin A deficiency; and nutrition education.
Vitamin A capsule supplementation programme
In 1973, as a short-term measure, the government of Bangladesh started the distribution of VAC containing 200,000 IU of vitamin A to all children aged 12-71 months and 100,000 IU of vitamin A to children under 12 months, through the National Blindness Prevention Programme. The programme has been conducted twice a year through door-to-door domiciliary visits by field level health workers: one visit in April-May and the other in October-November. The distribution of VAC in rural areas was carried out by the Family Welfare Assistant and Health Assistant, and the municipal and non-government organization (NGO) workers covered urban areas. The programme has had difficulty in achieving high coverage rates continuously throughout the country. The VAC distribution coverage rate in rural areas has been stagnant at a low level: 45% (a range of 16-85%) in 1982-83 51 ; 37% in 1987-88; and 35% in 1989 19 . In the mid-1990s, the vitamin A supplementation programme to children under 12 months of age was integrated into the outreach clinics of the Expanded Programme on Immunization (EPI), which resulted in an increase in coverage for the distribution of vitamin A among the young children. Children were given a total of three doses of 50,000 IU each: one at 6 weeks, one at 10-14 weeks and, finally, one at 36 weeks of age. A single dose of vitamin A supplementation for infants at EPI outreach clinics has now been changed to 25,000 IU. The first dose is given at 6 weeks of age. Since 1994, liquid vitamin A has been administered to children under 12 months using a dose dispenser (25,000 IU). For children aged 12-71 months, the VAC distribution policy has remained the same, i.e. a dose of 200,000 IU every 6 months given during a home visit. From June 1990 to April 1994, VAC coverage rate was fairly steady, between 42 and 55% among children 6-59 months. VAC distribution dropped to 31% in August 1994 because of the cessation of funding by the Swedish Government to UNICEF for VAC procurement 51 . Subsequently, the World Bank provided funds and in October 1994, the coverage rate had risen once more to 45%.
In 1995, to improve the coverage of VAC distribution, vitamin A administration for 1-6-year-old children was integrated with the National Immunization Day (NID). One-day VAC distribution initiative took place in April 1995 in conjunction with the second NID. This arrangement was highly successful. The result of this initiative was reflected in the routine data collection of the Nutritional Surveillance Project of HKI in June 1995. The coverage rate of VAC distribution was as high as 87% in rural Bangladesh 25 . Following the success of VAC distribution during the NID, the government of Bangladesh planned a week-long nationwide mobilization campaign: 'National Vitamin A Week', organized by the IPHN, in which VAC were distributed through outreach centres. The Nutritional Surveillance Project report in December 1995 indicated the coverage of VAC distribution was 83.6% in rural areas and 73.7% in urban areas 25 . Thus, the strategy of using a high impact short duration approach was very successful once more. Encouraged by these experiences, the government of Bangladesh adopted a VAC distribution strategy for children 12-71 months in both NID and National Vitamin A Week. A recent evaluation of the universal distribution of vitamin A capsules programme showed that vitamin A supplementation is an effective strategy for reducing vitamin A deficiency 52 . Given the problems associated with vitamin A deficiency amongst women and the implications this has for the health of the mother during pregnancy and lactation, and the further effect on the health and survival of newborns and infants, the government of Bangladesh has decided recently to supplement mothers within 14 days of delivery with VAC (200,000 IU). However, so far no effective measures have been formulated for VAC distribution to postpartum mothers. The mega-dose capsules (200,000 IU) were included in 'safe delivery kits' that have been made available by some NGOs and sold for clean deliveries, and to be used by the traditional birth attendants. Currently, UNICEF is supporting studies with the objective of identifying more effective strategies for vitamin A supplementation of mothers within 2-4 weeks postpartum period. More recently, IPHN took an initiative in implementing VAC supplementation to lactating mothers and children suffering with diarrhoea, measles and pneumonia. The Bangladesh Integrated Nutrition Project has also started VAC distribution to mothers within 14 days after delivery and early results indicate a high (57%) postpartum VAC coverage 53 . According to Greiner 54 the cost of VAC distribution is estimated to be about US$0.05 dose recipient -1 year -1 . These estimates are marginal costs as they do not include any of the actual costs involved for the government or NGO health programmes, nor the periodic costs for national surveys. The report also estimated the cost-effectiveness of the programme: with a nationwide VAC coverage rate of 40-50%, night blindness would be reduced by 20-25% and mortality would be decreased by 30-40% with 100% coverage 54 . In a recent assessment by the World Bank, the number of productive years gained per dollar invested for vitamin A supplementation ranked highest in the order when compared with other recognized approaches or technologies designed to reduce mortality 55 . Despite the welcome recent successes in VAC distribution and coverage, the programme in Bangladesh is fragile. The programme is entirely dependent on foreign aid resources and evidence of its fragility is provided by the breakdown in coverage rate when there was a change from one donor source to another in 1994. Although the programme has achieved a smooth routine after so many years, and community participation and political support seemed to have increased, still there remains the question of financial sustainability of the VAC distribution programme.
Home gardening
Home gardening is a traditional system for family food production which is widely practised in south Asia. A programme based upon home gardening has been introduced which has as its goal a reduction in vitamin A deficiency and an improvement in household food security. This is to be achieved by promoting the production and consumption of vitamin A rich fruits and vegetables by poor households, which at the same time can effectively increase household income. In 1988, the HKI undertook the first pilot project on home gardening in north Bengal. By 1992, about 13 nongovernment and two government organizations were involved in home gardening 56 . However, for only two A recent report by Bloem et al. 45 showed that the vitamin A intake of the population in areas where home gardening is practised was derived almost entirely from the consumption of fruits and vegetables. The health implications of this were explored statistically, using logistic regression analyses, and it was shown that the vitamin A intake of mothers was determined by qualitative indicators of homestead gardens even when account was taken of their overall socioeconomic status 45 . Earlier studies by the HKI have suggested that income from home gardens could provide about 15% of energy requirement for each household member. Home gardening is likely to help all the members of the household, while the biannual distribution of high-dose vitamin A capsules will only target children aged less than 60 months. Thus, without special attention vitamin A deficient adults, especially women, remain at high risk for vitamin A deficiency and the inevitable health consequences. Home gardening can increase the availability of vitamin A within the household and potentially this can be achieved without the need for a continuous supply of VAC from external sources. On this basis, therefore, a strategy in which a central element is the objective of supplying enough vitamin A through approaches such as the use of home gardening has a much greater potential for sustainability and wider social coverage than periodic capsule distribution 45 . The HKI and Worldview International Foundation (WIF) implemented a Nutritional Blindness Prevention Programme in Gaibanda district based on health education and home gardening concepts. The evaluation of the project reported an increase of 40-60% in the production and consumption of green leafy vegetables and yellow fruits by children. The prevalence of night blindness dropped and the programme cost 54 was only US$0.11 target group recipient -1 year -1 . Furthermore, the report also indicated that the home gardening programme is likely to be a more sustainable approach than a VAC distribution programme. It involves more community participation, reaches the poor better and provides more benefits for women 54 . Although, at the current level of operation the home gardening programme has been a successful project in Bangladesh in terms of production and consumption of vegetables 56 , there are difficulties in going for scale and sustainability which persist. These may be expected to reduce as experience grows as by and large they appear to relate to issues such as inadequate counselling in nutrition, the provision of unsuitable dietary advice which is not based on appropriate information, education and communication initiatives.
Fortification
As yet in Bangladesh, there have not been any effective measures which have sought to address the problem of vitamin A deficiency through the fortification of foods. One of the major underlying problems has been the need to identify a suitable vehicle which can be fortified with vitamin A and is available to most of the population at risk. However, a study by the Assistance for Blind Children assessed the feasibility of using oil and sugar as possible vehicles for vitamin A fortification. The report indicated that the consumption of oil and sugar were 8 and 5 g day -1 , respectively and fairly consistent across all economic groups 57 . The study also showed that all locally produced sugar is manufactured by sugar mills under the Bangladesh Sugar and Food Industries Corporation, and therefore it would be possible to exert central control over any fortification. The refining of edible oil is dispersed among 17 units in Bangladesh. Recently, UNICEF has assessed the feasibility of vitamin A fortification, and invited owners of the vegetable oil mill and the wheat flour mill, to explore the possibility of developing the fortification of food with vitamin A.
Recommendations for action
In 1990, the World Summit for Children adopted a declaration which as a global objective called for the virtual elimination of vitamin A deficiency and its consequences by the year 2000. In 1992, at the International Congress of Nutrition, this goal was restated. There has been a quantum increase in terms of the awareness of the problem and the adoption of actions which will in time ensure its elimination. However, this review of the present situation of trends in the prevalence of vitamin A deficiency make it clear that although the rates of clinical deficiency have dropped significantly over the past two decades, over the same period the rates of subclinical deficiency have shown an increasing trend. Thus, even if a substantial impact on the grossest manifestations of vitamin A deficiency has been achieved by the year 2000, any complacency that the problem has been resolved should be sternly resisted. New goals will need to take into account the potential devastating impact that milder forms of deficiency carry, and may need to be stated in more modest terms, at least for Bangladesh.
There are clearly political attractions in setting a single dramatic challenge which might be addressed by a single simple approach. The reality is more subtle and a greater challenge. It is important to appreciate that no single intervention strategy is likely to be entirely successful, under all circumstances. High impact approaches which operate over the short term are of importance and have their place. Nevertheless, the most fundamental strategy to achieve the goal should be aimed at long-term approaches with a focus on prevention and control. There is the need to find the most suitable combination of long-term sustainable action with short-term measures for immediate action. Thus acceleration of sustainable progress towards elimination of vitamin A deficiency will require an appropriate mix of interventions which are integrated into a development context that reflects human well-being as well as national priorities. In Bangladesh, the focus of the major thrust so far has been to provide supplements to young children. Other interventions, such as the promotion of consumption of foods rich in vitamin A are also gaining ground and have the potential to be more sustainable in the longer term. However, the impact of these measures has been uneven owing to problems in the adequate implementation of programmes. Based upon the assessment and analysis of the problem and existing intervention strategies for controlling vitamin A deficiency presented in the preceding sections, it is possible to be optimistic and make a series of recommendations which have a reasonable chance of ensuring the complete eradication of vitamin A deficiency and it consequences by the year 2010 (Table 6 ).
Continuation of VAC supplementation
In Bangladesh, VAC supplementation is reported to be a successful programme in reducing the prevalence of night blindness in preschool children 52 . Given that the dietary intake of vitamin A is unlikely to show marked improvement in the near future, VAC supplementation should continue as a short-term strategy for the prevention of vitamin A deficiency. Currently there seems to be no viable alternative to the VAC distribution programme. Thus, VAC distribution should be continued until long-term, sustainable approaches can be introduced. Since recent studies have indicated that vitamin A deficiency exists among women of reproductive age, vitamin A supplementation with VAC to postpartum mothers should be an effective immediate measure to improve the vitamin A status of the lactating mothers as well as breast-fed infants. Therefore, in addition to preschool children, clear guidelines for postpartum VAC distribution is necessary and health workers must receive appropriate training in their implementation.
The vitamin A status of pregnant women not only determines the vitamin A status of the newborn, but also, to a great extent, influences the vitamin A status of the infants. Hence, ensuring adequate vitamin A intake during pregnancy would be a more rational approach to improve the vitamin A status of both mother and offspring. Supplementation of pregnant women has not been advised in the past due to possible side-effects on the fetus. The perspective on this recommendation is, however, changing provided that it is possible to ensure safety through the effective distribution of a low-dose capsule (5000-10,000 IU day -1 ). Since the prevalence of night blindness is quite high among women of reproductive age in Bangladesh, a targeted low-dose vitamin A supplementation programme for women of reproductive age is also deemed necessary.
The 'National Vitamin A Week', as a centre-based approach, proved to be very effective. Nevertheless, it was not perfect in all respects and there is room for improvement. Perhaps use of mass media and special communication programme should be important components of the programme. Special attention needs to be drawn to areas with low coverage to improve their distribution performance.
To continue the VAC supplementation programme, it is important to have a continuous source of funding. At present the VAC supplementation programme is totally dependent on foreign donor agencies and continued dependence on donated funds may endanger the programme in the near future. A national fundraising campaign to obtain local funding will be the best option to secure continuation of the current VAC distribution programme.
Expansion of home gardening activity
Recognizing that the VAC distribution programme in Bangladesh should be a short-term approach and appreciating its limitations, it is time to focus on longterm sustainable programmes. The long-term strategy to alleviate vitamin A deficiency is to improve the dietary intake of vitamin A. This can be achieved by increasing the availability of vitamin A rich foods at household level. Home gardening is a successful intervention programme in Bangladesh, which has increased the availability of vitamin A rich foods as well as economic benefits to the poor rural households. Thus, home gardening activities should be expanded throughout Bangladesh. A nationwide campaign is necessary to encourage production and consumption of vitamin A rich vegetables and fruits. This can be achieved through NGOs, schools and health centres. Additionally, community leaders and volunteers should be involved in the promotion of gardening at the household level.
Introduction of food fortification
Potentially, one of the most effective ways to improve the vitamin A status of the entire population and every group at risk is through the fortification of food with vitamin A. As a medium-term strategy it holds considerable possibilities for the alleviation of vitamin A deficiency in Bangladesh. However, there are a number of technical issues which have to be addressed. There is the need to select an appropriate vehicle for vitamin A fortification, and this has to be consumed in appropriate amounts by all members of the target communities. Furthermore, there will be the need to promote changes in dietary behaviour which will ensure that there is adequate consumption of the vehicle. Given the magnitude and severity of the problem of vitamin A deficiency, a pilot project to fortify at least one or two suitable food items with vitamin A needs to be initiated. It may be advisable to target the pilot study to the most vulnerable groups in the first instance, without trying to cover the entire population.
Promotion of dietary diversification
Dietary modifications have long been recognized, and recently re-emphasized as the safest and most sustainable long-term measure to control vitamin A deficiency in a population at risk. Since an approach based upon home gardening alone may not be sufficient in alleviating vitamin A deficiency, additional strategies need to be considered: such as the introduction of poultry, small animal husbandry or fish cultivation in local ponds. Consumption of foods which can be produced through these strategies: eggs, milk and whole fish will provide vitamin A in the diet which has high bioavailability.
Promotion of breastfeeding
Breastfeeding is essentially the only source of vitamin A for the first few months in infants and often continues to be the most important source up to 2 years of age. Exclusive breast feeding for 4-6 months and continued breastfeeding with complimentary foods thereafter should be promoted to improve the vitamin A status of the infants.
Strengthening nutrition education
It has been well documented that nutrition education is an essential element in any strategy to reduce vitamin A deficiency. In Bangladesh, the WIF with the support from donors in Norway, Holland and Sweden, launched a programme to reduce vitamin A deficiency using the mass media and interpersonal communication to encourage home and school gardening. The WIF programme has covered five districts with a total population of 5 million. A recent report in which the programme was evaluated showed that after 3 years of implementation, production of green leafy vegetables in household garden had substantially increased 58 . The report also indicated an increased consumption of green leafy vegetables by young children. The prevalence of night blindness was reduced to approximately half the level reported in the baseline survey 58 . Thus, nutrition education seems to be an important medium-term measure for improving vitamin A status in the community and especially of vulnerable groups.
Steps should be taken to strengthen the nutrition education programme to increase knowledge as well as attitudes and practices concerning the consumption of vitamin A rich foods. A nutrition education programme can be carried out through schools and health centres. This should be coupled with social marketing of vitamin A rich foods using a variety of means including mass communication.
Recommendations for research and evaluation

Evaluation of current vitamin A status
A national survey is needed to estimate the current prevalence of vitamin A deficiency in Bangladesh in order to evaluate the programme input. In late 1997, the HKI in collaboration with IPHN and INFS, conducted a national survey on vitamin A deficiency with the financial support from UNICEF. This survey was designed to estimate the current prevalence of night blindness and also by measuring serum retinol levels to assess the frequency of subclinical vitamin A deficiency. It is expected that the findings of the survey will be ready for distribution in late 1998.
Evaluation of the impact of home gardening
The HKI and WIF implemented a Nutritional Blindness Prevention Programme in Gaibanda district based on health education and home gardening concepts. For the purpose of the evaluation, the project design incorporated pre-and postintervention surveys to examine the impact on the households. However, evaluation of the project did not directly test for any changes in the prevalence of vitamin A deficiency among the population. Rather, the project used indirect indicators to measure impact, including consumption of vegetables by children and prevalence of night blindness 58 . Thus, it will be important to evaluate the impact of the home gardening programme in reducing vitamin A deficiency using more direct indicators, such as serum retinol levels. With support from USAID, an evaluation of the HKI home gardening activities is being conducted by the International Centre for Diarrhoeal Disease Research, Bangladesh (ICDDR, B).
Operational research
The best current long-term strategy is extension of homestead gardening for increased vegetable production and consumption, but this single intervention will not provide a comprehensive solution. Thus continued research is necessary to search for alternative and improved interventions. Operations research should also address appropriate strategies for VAC administration to women of reproductive age.
It is now crucial to identify a suitable vehicle that can be used for vitamin A fortification, and can be largely consumed in a majority of the population and in similar amounts by most of the community members. Furthermore, the vehicle should be the item which can be centrally controlled for vitamin A fortification. Operations research should be carried out to identify such a vehicle.
Finally, in order to achieve the goal action is needed at every level and within many sectors. Government officials must incorporate the goal of virtual elimination of vitamin A deficiency and its consequences in the national policies, and they must ensure that the needed resources are allocated and made available to ensure that programmes benefit from proper management and accountability. International organizations must help with advocacy, general guidelines and technical assistance in addition to programme support. NGOs should help with programme implementation and advocacy. Private industry should be involved in the product development and manufacture of food, and ensure the delivery and quality assurance of their products. At the community level, there is a need to inform every person about the serious consequences of vitamin A deficiency, while providing hope that their own efforts can make a substantial contribution to solving the problem, thereby harnessing their creative abilities and ensuring full community participation. There is a persistent need to ensure that effort is maintained and appropriate steps continued for improving the condition, through the full involvement of researchers and health professionals.
Conclusion
This article has attempted to review the present situation in relation to vitamin A deficiency in Bangladesh. It has included information on the existing intervention strategies and specific needs and key options for action to improve the situation. Over the past few decades a good number of studies including national nutrition surveys have been carried out to investigate the prevalence of vitamin A deficiency among different population groups in Bangladesh, and demonstrated a significant public health problem. The magnitude of the problem is considerable, especially among preschool children, adolescents and women of reproductive age. Although the prevalence of night blindness in preschool children has decreased over the past two decades, the biochemical assessment of vitamin A status based upon the measurement of serum retinol levels reveal that there is a high prevalence of subclinical vitamin A deficiency. Among school-age children and adolescents, the prevalence of night blindness and Bitot's spot has decreased slightly over the same period of time, however, it is still a significant problem. Furthermore, recent reports indicate that night blindness among rural mothers is as high as 1.4%. Only a limited number of studies, with a small sample size, provide information on serum retinol levels in school-age children, adolescents and pregnant women. Nevertheless, these studies confirm low serum retinol levels, indicating the risk of subclinical vitamin A deficiency. Furthermore, the dietary intake of each population group was found to be less than the RDA, denoting dietary problems as a significant risk factor for vitamin A deficiency.
Several strategies have been developed with the objective of controlling vitamin A deficiency in Bangladesh. The biannual distribution of high-dose vitamin A capsules to children under 60 months of age was found to be effective in reducing deficiency. However, this programme is only beneficial for preschool children. Other programmes like home gardening and nutrition education including social marketing have been in operation for a long time, however, each of the programmes has its limitation. Although some progress has been made in improving the situation, the magnitude of the problem makes it clear that there is a need for more sustainable long-term approaches to alleviate the problem of vitamin A deficiency for the entire population. To achieve the goal of virtual elimination of vitamin A deficiency will require integrated approaches and the action is needed at every level and also within many sectors.
